Arctotis sect. Anomalae was originally circumscribed to include three annual species (A. dregei, A. setosa and A. sulcocarpa) endemic to South Africa. Subsequently, discrimination of A. dregei and A. sulcocarpa became confused and application of the names has varied. In this paper, the circumscription of the two species is clarified and lectotypes designated for both names. The identity of A. setosa is less certain. The type of A. setosa, likely to have been lodged in the Berlin-Dahlem herbarium, has not been traced and no duplicates have been located. However, from the description and illustration of an achene in the original publication, A. setosa was almost certainly based on an element of the Arctotheca calendula species complex and is excluded from Arctotis sect. Anomalae. During examination of herbarium specimens in the course of this study, it became clear that an additional, previously unnamed species belonging to A. sect. Anomalae should be recognized, which is formally described here. The new species, Arctotis dimorphocarpa, differs from A. dregei and A. sulcocarpa in possessing pistillate ray florets, but is placed in sect. Anomalae based on the correspondence in vegetative, style and achene morphology and filament ornamentation. It is unusual among Arctotidinae in possessing heteromorphic ray and disc floret achenes. Additional information on the distribution and conservation status of A. dimorphocarpa and A. sulcocarpa is needed.
Introduction
Subtribe Arctotidinae (Asteraceae: Arctotideae) comprises approximately 80-90 species presently classified in five genera (Karis, 2007; Karis et al., 2009) . With the exception of three species endemic to Australia, Arctotidinae are indigenous to southern and eastern Africa. As is common in the Asteraceae, establishing a satisfactory taxonomy of Arctotidinae has long presented a challenge. Previous authors (Lessing, 1832; Beauverd, 1915; Lewin, 1922) emphasized different morphological features to delimit taxa but no classification proved satisfactory and over the past 150 years considerable confusion developed concerning the application of published names and delimitation of species.
Arctotis, with approximately 60 species, is the largest genus in Arctotidinae. Lewin (1922) , who undertook the last revision of Arctotis, recognized 15 sections within the genus. Section Anomalae K.Lewin was distinguished by the possession of neuter ray florets, a feature otherwise found in Arctotidinae only in Arctotheca J.C.Wendl. and Haplocarpha oocephala (DC.) Beyers. Lewin accepted three species (Arctotis dregei Turcz., Arctotis setosa K.Lewin and Arctotis sulcocarpa K.Lewin) in sect. Anomalae, but his treatment of the section was based on examination of extremely limited material. He did not see any material of A. dregei, relying exclusively on Turczaninow's (1851) description of that species, and both A. setosa and A. sulcocarpa were described from single gatherings. Lewin (1922) evidently was uncertain of the affinities of sect. Anomalae within Arctotis, as in a hypothetical phylogeny appended to the revision, the Anomalae branch was detached from the phylogeny with a question mark at the base.
Recent studies of achene morphology and analyses of molecular data in Arctotidinae (McKenzie et al., 2005 (McKenzie et al., , 2006 McKenzie and Barker, 2008) have indicated that the current taxonomy does not accurately reflect the group's evolutionary history. Phylogenetic analyses of sequence data for five coding and non-coding cpDNA regions and the internal transcribed spacers (ITS) nrDNA region demonstrated that Arctotis L. is polyphyletic as it is presently circumscribed (McKenzie et al., 2006; McKenzie and Barker, 2008) . In these phylogenetic reconstructions A. dregei and A. sulcocarpa formed a strongly supported clade sister to a lineage comprising Arctotheca and Haplocarpha Less. s.str (McKenzie et al., 2006; McKenzie and Barker, 2008) . Morphologically, A. dregei and A. sulcocarpa possess a unique combination of distinctive traits found in Arctotheca and Arctotis s.str., thus identification of nonhomoplasious synapomorphies for the three clades is difficult. Phylogenetic studies of Arctotidinae are ongoing and delimitation of genera in the subtribe will be addressed in a future publication.
The objective of the present study was to clarify species circumscription within Arctotis sect. Anomalae. Subsequent to Lewin's (1922) revision, application of the names A. dregei and A. sulcocarpa caused confusion and many gatherings of both species are misidentified as Arctotheca calendula (L.) Levyns or Arctotis erosa (Harv.) Beauverd in herbaria. Application of the name A. setosa is also uncertain. In the present study, during examination of herbarium specimens previously identified as Arctotheca calendula, Arctotis dregei, A. erosa and A. sulcocarpa, it became clear that an additional species, allied to A. sulcocarpa, should be recognized. Apart from the descriptions of A. dregei by Turczaninow (1851) and Mueller (1859) , neither full descriptions of A. dregei and A. sulcocarpa nor a satisfactory key to the species have been published. Therefore, an additional objective was to provide a full description of each species.
Materials and methods
Herbarium specimens or digital images of material lodged in the BOL, BR, E, G, GRA, HBG, K, KW, LY, MEL, MO, NBG, P, PRE, PRU, S, TCD and W herbaria as well as new collections were examined. Type material of all relevant species was examined. Field work was undertaken in the Eastern Cape, Northern Cape and Western Cape provinces of South Africa. Floral and trichome characters were examined from material preserved in formalin-acetic acid-alcohol or rehydrated herbarium material. Measurements were obtained using either a digital calliper or a brightfield microscope. Dry mature achenes were sputter-coated with gold-palladium and the external morphology was examined with the aid of JEOL JSM 840 and Tescan Vega scanning electron microscopes. Morphological terminology mainly follows Stearn (1992) except for apex shape, for which the character state 'rounded' (semiorbiculate in outline) is distinguished from 'obtuse' (bluntly pointed, broad enough to include a 90°right angle, but tapering rather than semiorbiculate).
Results and discussion
Although the Arctotis sect. Anomalae clade is well delimited from other Arctotis sections and Arctotheca by molecular data (McKenzie et al., 2006; McKenzie and Barker, 2008) , few nonhomoplasious morphological apomorphies characterize the clades, which are instead distinguishable by unique combinations of morphological character states (Table 1) . Although Arctotis sect. Anomalae species have achenes with abaxial wings and a biseriate scaly pappus, and A. sulcocarpa and some forms of A. dregei possess an applanate disc floret corolla-lobe elaboration (features shared with other Arctotis sections), they possess a number of distinctive floral traits shared with Arctotheca and not otherwise found in Arctotis, including papillose filaments, a disc floret style thickening with a truncate base, floral scent, neuter ray florets in A. dregei and A. sulcocarpa, and hermaphrodite central disc florets.
A. dregei and A. sulcocarpa are readily distinguishable by achene morphology. The achenes of A. dregei are obovoidellipsoid and dorsiventrally compressed with a broad, undulate, elliptic-obovate abaxial cavity (Fig. 1A) , whereas the achenes of A. sulcocarpa are obconical and subterete with the abaxial wings strongly inflexed to create a narrow, undulate, triangularlinear cavity (Fig. 1B) . In some herbarium specimens of A. dregei the abaxial achene wings are sometimes strongly incurved creating a narrow abaxial 'cavity', but this is and the Roggeveld in the Northern Cape Province at 700-1600 m asl (Fig. 2) . Lewin (1922) placed a third species, A. setosa, in Arctotis sect. Anomalae, which he described from a single collection (C. Rust 214) from Riversdale, Western Cape Province. According to Gunn and Codd (1981) , specimens collected by Rust are held by the Botanischer Garten und Botanisches Museum BerlinDahlem Herbarium (B), but the gathering Rust 214 is not lodged in B (R. Vogt, personal communication) and no isotype in another herbarium has been traced. For a time Rust was a storekeeper on the Tygerfontein farm near Albertinia in the Riversdale district, where he collected plant specimens (Gunn and Codd, 1981) . This is the most promising area to look for A. setosa. However, based on Lewin's (1922) description and his illustration of the achene, particularly noting the absence of pappus scales, abaxial wings and cavities on the achene, it is concluded that A. setosa does not belong in Arctotis and is an element of the Arctotheca calendula species complex, of which a taxonomic revision by the first author is in progress. Gatherings from the Riversdale area examined thus far that are consistent with Lewin's description of A. setosa are attributable to A. calendula s.l.
A previously unrecognized species, allied to A. sulcocarpa, was identified during examination of herbarium material in the present study. The species is comparable in vegetative and floret morphology to A. dregei and A. sulcocarpa, and has similar disc floret achenes to those of A. sulcocarpa, but differs in possessing pistillate, rather than neuter, ray florets, and the ray achenes lack pappus scales and a basal ring of twin hairs. It is also distinguishable in possessing triangular-oblong outer involucral bracts with an erect apex, rather than triangular-linear outer bracts with an acuminate, shortly reflexed apex as in A. dregei and A. sulcocarpa. In addition, the species is geographically distinct, occurring north and east of the Great Escarpment from Springbok to Loxton, whereas A. dregei principally occurs south of the Great Escarpment and A. sulcocarpa occupies a narrow band on the Western Escarpment between the other two species.
In herbaria, specimens of Arctotis sect. Anomalae species are commonly misidentified as A. erosa and Arctotheca calendula, which in vegetative morphology are superficially similar. The Arctotis sect. Anomalae species are distinguishable from species of Arctotheca and other Arctotis sections by floret fertility and a number of features of their involucres, achenes, filaments, and the style and corolla of disc florets (Table 1 ). In Arctotheca calendula the achenes have 4 or 5 longitudinal ribs but are never winged and an abaxial cavity is absent. A pappus is absent in some forms of A. calendula and, when present, comprises a single series of 2-9 scales much shorter than the achene. In addition, in the most common form of A. calendula the pappus scales are concealed by a dense, woolly indumentum covering the achene surface (McKenzie et al., 2005) . The involucral bracts of A. calendula are usually glabrous except for a tuft of hairs on the acuminate apex. The achenes of Arctotis erosa are obovoid or oblong-obovoid with two well-developed abaxial wings creating a single, triangularlinear 'cavity', and usually possess a single whorl of extremely reduced, suborbicular pappus scales (the pappus is absent in some populations). In A. erosa the outer involucral bracts are densely covered with septate trichomes and have a linear, shortly reflexed apical appendage up to 4.3 mm long, and the inner bracts have a broad, rounded, translucent apex. 
iso).
Arctotis sulcocarpa Schltr. affinis sed flosculis radii feminis, flosculis radii cypselis pappo et trichomatibus deficiens, extimis involucri bracteis triangulo-oblongis apice erectis distinguibili. Allied to A. sulcocarpa Schltr. but distinguished by female ray florets, achenes of ray and disc florets heteromorphic, achene of ray florets deficient of pappus and trichomes, outermost involucral bracts apex erect not acuminate.
Annual herb, rosulate or shortly caulescent, 7.5-20 cm tall, stems procumbent or erect, branching near base. Leaves obovate or obovate-elliptic, pinnatisect to lyrate-pinnatisect, with 4-7 pairs of lobes, lamina 20-100 × 8.5-22.5 mm, obtuse, adaxial surface sparsely to densely lanate and hirsute, abaxial surface densely lanate and sparsely to moderately hirsute, often with adhering sand particles, margins revolute; lateral lobes erosedentate to secondarily pinnatifid or pinnatisect, mucronate, 1.2-12 × 2-4.2 mm wide; petiole 12.5-25 mm long, broadened at the base and semiamplexicaul, 3-or 4-veined, moderately lanate and hirsute on adaxial surface, densely lanate and hirsute on abaxial surface, almost glabrous at base. Capitula heterogamous, radiate, solitary, pedunculate; peduncle 65-175(-385) mm long, with red-purple longitudinal ridges, densely lanate between ridges, with uniseriate, purple-black, multiseptate trichomes, especially in distal portion; involucre base truncate, bracts ±3-seriate, imbricate, free, outer bracts erect, triangularlinear or narrowly ovate, 4-6.5(-9.2) × 1.5-2.5(-4) mm, acute to obtuse, moderately to densely lanate and hirsute with purpleblack uniseriate, multiseptate trichomes similar to those on peduncle; middle bracts triangular-ovate to ovate, obtuse to rounded, margin narrow, dark purple or straw coloured, sparsely to moderately hirsute and/or lanate; inner bracts oblong-ovate, 7-10.8(-14.3) × 1.9-3.5(-6.3) mm, obtuse to rounded, densely lanate and hirsute in centre, margin narrow, dark purple or translucent-straw coloured. Receptacle rounded, shallowly alveolate, alveoles uniformly ±0.2 mm high, entire. Ray florets ± 20, female, corolla limb 11-15 × 1.3-1.8 mm, yellow above, flushed reddish-purple below, glandular, 4-veined, apex tridentate, adaxial lobe 1, lobes 0.1-0.3 mm long, tube glabrous, 1.1-2.3 mm long; staminodes 5; style thickened in distal part, papillate all over, bilobed; achene obconicalobovoid, dorsiventrally compressed, 2.3-2.6 × 1.2-1.4 mm, adaxial surface smooth or weakly transversely rugose, sparsely to moderately puberulous, adaxial ribs dentate, teeth rounded to obtuse, abaxial wings 2, short, strongly incurved, dentate, teeth up to 0.3 mm long on either side of wing margin, apex rounded to obtuse, forming a narrow linear-undulate cavity, glabrous, median abaxial rib transversely rugose; basal ring of twin hairs absent; pappus absent. Disc florets numerous, hermaphrodite, corolla yellow, funnelform, 3.5-3.8 mm long, deeply 5-lobed, lobes with glandular trichomes and tuberculate elaboration on abaxial surface, 0.7-1.3 mm long; anther with large ovate, obtuse apical appendage, calcarate and caudate, yellow, pollen yellow; filaments papillose, sometimes with a sigmoid bend below anther; style thickened in distal part, papillate all over, bilobed; achene obovoid-obconical, 2.3-2.4 × 1.2-1.3 mm, adaxial surface sparsely to densely puberulous in distal half, adaxial ribs short, entire, abaxial wings 2, dentate, teeth acute to obtuse, incurved, forming a single linear-undulate cavity, basal ring of twin hairs up to 1.75-2.6 mm long on adaxial surface and 1-1.5 mm long on abaxial surface, brown; pappus in 2 unequal series, each of 8 scales, scales in each series of ± uniform length, outer scales semiorbicular-ovate, 0.3-0.5 mm long, inner scales obovate-oblong, 1.5-2.7 mm long, margins entire, ± uniformly straw-brown, base broad, apex rounded. Flowering period: July to October (rarely February) (Figs. 1C-D, 3 ).
Etymology
The species epithet is derived from the Greek dimorphos (two shaped) and carpos (fruit), a reference to the heteromorphic achenes produced by the ray and disc florets.
Distribution and habitat
Presently, the species is known from a small number of gatherings north and east of the Great Escarpment from Springbok to Loxton (Fig. 2) , with a further gathering from the 'borders of Bushmanland', in the Northern Cape Province, South Africa. The type locality is in the Springbok district. It occurs in the Nama-Karoo (Eastern Upper Karoo, Western Upper Karoo and probably other vegetation units) and Succulent Karoo (Namaqualand Blomveld vegetation unit) biomes (Mucina and Rutherford, 2006) at ±1000-1400 m asl.
Little is recorded about its ecology in the material examined, and herbarium labels record the species growing on flats in redbrown sandy or sandy-loam soils.
Discussion
A. dimorphocarpa has been collected rarely but is widely distributed in the western and southern part of the Northern Cape Province. The species bears a superficial resemblance to the common and weedy Arctotheca calendula, and is likely to be often overlooked and under-collected. In the interim, an
International Union for Conservation of Nature (IUCN) threat status of Data Deficient (IUCN Standards and Petitions Working Group, 2008) is recommended.
The species is unusual among Arctotidinae in possessing heteromorphic ray and disc floret achenes. The leaf dimensions and overall plant size of some specimens from the western part of the species' range are markedly larger than those of other gatherings. Similar variation is exhibited by A. dregei and presumably reflects variability in environmental factors, such as rainfall, soil fertility and aspect.
Additional specimens examined
Northern Annual herb, rosulate or shortly caulescent, 5-25 cm tall, stems procumbent to ascending, branching near base, glabrous or sparsely woolly-tomentose. Leaves elliptic, obovate, oblanceolate or lanceolate, entire, lyrate-pinnatifid to pinnatisect, occasionally secondarily pinnatifid, with 1-4 pairs of lobes, lamina (7.5-)15-50(-115) × (5-)10-30(-50) mm, acute to obtuse, adaxial surface sparsely to moderately lanate and hirsute, abaxial surface densely lanate, margins entire to erosedentate, mucronate; lateral lobes 6-15(-26) × 2-6(-12) mm; petiole (4.5-)7.5-50(-70) mm long, broadened at base and auriculate, auricles 2-3.7 mm wide, not decurrent. Capitula homogamous, radiate, solitary, terminal, pedunculate; peduncles 35-200 mm long, ribbed, densely lanate, often glabrous basally, with uniseriate, multiseptate trichomes, especially in distal portion; involucre base rounded, bracts ± 3 or 4 seriate, imbricate, free, outer bracts triangular-linear, sometimes weakly pandurate, 2.7-6.2 × 0.7-1.5 mm, acuminate, shortly reflexed, abaxial surface densely hirsute, apex densely lanate, usually with uniseriate, multiseptate trichomes similar to those on peduncle; middle bracts hirsute with narrow, glabrous, membranous margins; inner bracts ovate, 5.3-8 × 2-4.4 mm, obtuse to rounded, sparsely to densely lanate in centre or sometimes glabrous, margin narrow, glabrous, dark reddishpurple or translucent. Receptacle semiorbicular, smooth or alveolate, alveoles up to 0.35 mm high, erose. Ray florets 11-16, neuter, corolla limb 10-17.5 × 2.5-4 mm, pale or bright yellow above, pale purplish yellow below, 4-veined, tridentate, adaxial lobes absent, tube glabrous, 1.9-2.2 mm long. Disc florets numerous, hermaphrodite, unopened corolla lobes yellow or purplish black, funnelform, 2.1-2.8 mm long, deeply 5-lobed, lobes with glandular trichomes and applanate or tuberculate elaboration on abaxial surface, 1.1-1.3 mm long; anther with ovate apical appendage, calcarate and shortly caudate; filaments papillose, sometimes with a sigmoid bend below anther; style thickened in distal part, papillose all over, 2-lobed, lobes broad. Achene obovoid-ellipsoid, dorsiventrally compressed, 2.2-2.9 × 1.3-2.1 mm, puberulous, adaxial wings 2, weakly developed, entire, abaxial wings 2, dentate, teeth with rounded apices, forming a broad elliptic-obovate undulate cavity, basal ring of twin hairs up to 1.5-2.2 mm long on adaxial surface and 0.5-1.2 mm long on abaxial side, usually shorter than achene; pappus in 2 unequal series, outer series of 6 (rarely 8) scales, when incomplete scales absent on abaxial side, obovate, obtuse to acute, 0.8-2.5 mm long, inner series of 8 scales, obovate, rounded, 1.4-4.5 mm long, 0.5-1.6 times the mature achene length, usually with straw-brown or dark purple midrib, base narrow. Flowering period: April to November (rarely to January) (Fig. 1A) .
Etymology
The species epithet commemorates Johann F. Drège (1794-1881), a prolific collector of South African plants from 1826 to 1834 (Gunn and Codd, 1981) .
Distribution and habitat
A. dregei occurs primarily in the Western and Eastern Cape provinces, mainly south of the Great Escarpment from the Sutherland and Worcester districts eastwards to Conway and Salem (Fig. 2) . It occurs principally on summer-arid flats at 50-800 m asl. A. dregei grows in a number of vegetation units within the Fynbos (Breede Alluvium and Breede Shale Renosterveld), Nama-Karoo (Eastern Lower Karoo, Eastern Upper Karoo, Gamka Karoo, Lower Karoo Gwarrieveld) and Succulent Karoo (Eastern Little Karoo, Robertson Karoo) biomes as well as the Albany Alluvial vegetation type (Mucina and Rutherford, 2006) . It has been collected in anthropogenically disturbed sites, such as roadsides and near railway tracks, and at occasional sites is a lawn weed. It flowers predominantly in spring, but may be found in flower in other seasons depending on rainfall.
Discussion
The Turczaninow herbarium, now lodged in the National Herbarium of Ukraine (KW), contains material of some 53,000 vascular plant species and includes specimens of numerous Arctotidinae species that Turczaninow obtained through exchanges with other prominent botanists of the time. Turczaninow (1851) described A. dregei from two plants, which are mounted on the same sheet formerly lodged in the Turczaninow herbarium (herein designated the lectotype of A. dregei). The leaf and involucral bract morphology and pubescence of both specimens are typical of A. dregei. In addition, mature achenes are present on the larger right-hand specimen.
The type gathering of A. dregei might have been a mixed collection comprising specimens of A. dregei and Arctotheca calendula. The isolectotype lodged in S, formerly in Otto Sonder's herbarium, consists of two plants with roots and two shoots lacking roots. The left-hand plant was annotated as A. erosa by Tycho Norlindh on an unspecified date, but from the achene morphology it is clearly a plant of Arctotis dregei. The other plants on the sheet are of Arctotheca calendula and were correctly identified by Norlindh. The sheet bears two different labels in Sonder's handwriting, both indicating that the plants were part of the gathering Zeyher 3005. One interpretation is that originally the material was distributed to different recipients and was later mounted on the same sheet (A. Anderberg, Swedish Natural History Museum, personal communication, 2008) . All other isolectotypes of Zeyher 3005 examined comprise only plants of A. dregei.
In the western part of its range, the ray floret limb is pale yellow, the unopened disc floret corolla and anthers are purplish black, and the disc floret corolla lobes have an applanate elaboration. In the eastern part of its distribution (from at least the Oudtshoorn district eastwards), both the ray floret limb and disc floret corolla are bright yellow, and the disc floret corolla lobes have a tuberculate elaboration.
The description of the type locality is taken from Drège (1847) . A. dregei is widely distributed and within its range is locally abundant. It exhibits weedy tendencies and has been collected from a number of anthropogenically disturbed sites. Therefore, A. dregei is considered to be of Least Concern based on the IUCN threat criteria (IUCN Standards and Petitions Working Group, 2008 Annual herb, rosulate or shortly caulescent, 5-15 cm tall, stems procumbent or ascending, branching near base. Leaves obovate-elliptic, lyrate-pinnatisect, with 4-7 pairs of lobes, lamina 17-55 × 5-20 mm; lateral lobes linear to obovate, obtuse, 2.4-12.4 × 1.7-4.1 mm, moderately to densely hirsute and sparsely to moderately lanate on adaxial surface, densely hirsute and lanate on abaxial surface, margins entire, erose, or broadly dentate, especially the terminal lobe, mucronate; petiole 9-55 mm long, adaxial and abaxial surfaces lanate and hirsute, broadened at base, 3-or 4-veined. Capitula homogamous, radiate, solitary, pedunculate; peduncle 30-100 mm long, ribbed, moderately lanate and hirsute, with uniseriate, multiseptate trichomes; involucre base rounded, bracts ± 3 or 4 seriate, imbricate, free, outer bracts triangular-linear, 2.5-4.7 × 1-1.6 mm, acuminate, obtuse or acute, shortly reflexed, abaxial surface densely hirsute and apex sometimes densely lanate; middle bracts ovate to triangular-ovate, lanate and hirsute in central broader part, margin narrow, glabrous, translucent; inner bracts oblong-obovate, obtuse, 6-8.5 × 2.6-3.7 mm, sparsely to densely lanate or hirsute along central axis, margin narrow, glabrous, reddish purple or translucent. Receptacle roundedconical, alveolate, alveoles up to 0.4 mm high, erose. Ray florets 11-13, neuter, corolla limb 10-14.5 × 2.1-2.9 mm, pale or bright yellow on adaxial surface, flushed red-purple on abaxial surface, 4-veined, apex of abaxial lobe tridentate, adaxial lobe absent, glandular trichomes on abaxial surface; tube glabrous, 1.4-1.9 mm long. Disc florets numerous, hermaphrodite, corolla lobes purplish black, scyphiformfunnelform, tube glabrous, 2-2.6 mm long, deeply 5-lobed, lobes with glandular trichomes and applanate elaboration on abaxial surface, 0.5-1.5 mm long; anther with broad, ovate, purplish-black apical appendage, calcarate and caudate; filaments papillose, sometimes with sigmoid bend below anther; style thickened in distal part, papillose all over, bilobed, lobes truncate. Achene obconical, ± subterete, 2.5-3.6 × 1.2-1.7 mm, ± uniformly puberulous with longitudinal band of longer hirsute trichomes on adaxial surface (absent in plants lacking pappus), adaxial wings 2, short, entire or with obtuse to rounded teeth, abaxial wings 2, forming a single linear-triangular undulate cavity, dentate, teeth short, obtuse, curved inward, basal ring of twin hairs sparse (absent in plants lacking pappus), 0.5-1.5 mm long on adaxial surface and 0.3-0.8 mm long on abaxial surface, always much shorter than achene; pappus absent or in 2 series, each of 8 scales, outer series obovate to semiorbicularobovate, 0.3-1.25 mm long, inner series obovate, 1.25-2.25 mm long, 0.5-1 times length of mature achene, acute to obtuse, margin often erose, base broad. Flowering period: August to October (Fig. 1B) .
Etymology
The species epithet is derived from the Greek sulcos (furrow or groove) and carpos (fruit), a reference to the furrow or 'cavity' formed by the two curved abaxial wings on the achene.
Distribution and habitat
A. sulcocarpa is presently known only from eight gatherings along the Western Escarpment, where it has been collected on the Bokkeveld Plateau around Nieuwoudtville and in the Sutherland area on the Roggeveld (Fig. 2) . Based on current knowledge, A. sulcocarpa is endemic to the Hantam-Roggeveld Centre of Endemism (see Van Wyk and Smith, 2001 ). The species occurs in the Fynbos biome in the NieuwoudtvilleRoggeveld Dolerite Renosterveld and Roggeveld Shale Renosterveld vegetation units (Mucina and Rutherford, 2006) at altitudes of ±700-1600 m asl. In the Nieuwoudtville area, A. sulcocarpa is known to grow only on flats in a heavy red-clay vertisol associated with dolerite. The clay is extremely sticky when wet and shrinks to form wide cracks when dry. Red clay soils also occur on the Roggeveld in the areas that A. sulcocarpa has been collected (V.R. Clark, Rhodes University, personal communication, 2009), but it is presently unknown if A. sulcocarpa is restricted to such soil on the Roggeveld. The species also grows beside vleis on the Roggeveld (Clark & O'Connor 357; GRA).
Discussion
A. sulcocarpa occupies a narrow geographic band between the ranges of A. dimorphocarpa and A. dregei. In overall morphology the typical form of A. sulcocarpa is intermediate between A. dimorphocarpa and A. dregei, combining the neuter ray florets and involucre of A. dregei and the disc floret achene form of A. dimorphocarpa. One hypothesis is that A. sulcocarpa arose as a stabilized hybrid derivative of the other two species. A form present on the Roggeveld (Clark & O'Connor 357 & 430; GRA) lacks a pappus and the achenes lack a basal ring of twin hairs and long hirsute trichomes on the adaxial surface. The achenes of this form are slightly smaller (2.5-2.8 × 1.2-1.3 mm) than those of the typical form and bear a resemblance to the achenes of female florets in A. dimorphocarpa.
Given the plant's small stature, the relatively non-showy capitula and its resemblance to the widespread and weedy Arctotheca calendula, which is common in the same region, it is likely that A. sulcocarpa has been overlooked and undercollected. In the Nieuwoudtville area, the species is afforded some level of protection in the Nieuwoudtville Wild Flower Reserve and Hantam National Botanical Garden. Based on the IUCN criteria (IUCN Standards and Petitions Working Group, 2008) , an interim conservation status of Data Deficient is recommended for A. sulcocarpa. Lewin (1922) gave no indication of the location of the Schlechter 10941 gathering on which he based the description of A. sulcocarpa. No specimen is lodged in B (R. Vogt, personal communication), where Lewin was based during his revision. We are aware of duplicates from the type gathering lodged in 11 herbaria. One of these sheets, lodged in the Bolus Herbarium (BOL), Cape Town, which is representative of the gathering and has immature achenes, is designated the lectotype herein.
Additional specimens examined
Northern Cape-3119 (Nieuwoudtville): Klip Koppies, Nieuwoudtville, (-AC), ix.1930, M. Lavis s.n. (PRE);
